GA-3-P, glyceraldehyde-3-phosphate; IpO H A . N -isopropyl-N -hydroxyoxam ate; IPP, isopen tenyl diphosphate; K A R I. ketol acid reductoisom erase; M VA, m evalonic acid; x, xanthophylls; x+c, total c a ro t enoids. R eprint requests to Prof. Dr. D r. h. c The DO XP pathway starts with the formation of l-deoxy-D-xylulose-5-phosphate (DOXP) from glyceraldehyde-3-phosphate and pyruvate by the enzyme D O X P synthase (see Lichtenthaler, 1998 and references therein) (Fig. 1) . DOXP is subse quently transformed to 2-C-methyl-D-erythritol 4-phosphate by an intramolecular C -C skeleton re arrangement (Fig. 1) . This is indicated by the spe cific incorporation of 2 H-, (Fig. 2) , an antibiotic produced by Streptomyces lavendulae (Okuhara et al., 1980), had formerly been shown to affect iso prenoid biosynthesis in several bacteria (Shigi, 1989 ) and also to have herbicidal activity (Patter- 
Materials and Methods

Plant material
Greening o f etiolated barley leaves
Primary etiolated leaves of 5 -6 d old barley seedlings were cut and placed with the cut ends in the dark into a mineral medium (Lichtenthaler et al., 1997b) with different concentrations of fosmi domycin. The inhibitor was taken up by transpira tion which was promoted by a continuous air stream (ventilator). After a 5 h dark period for up take of the fosmidomycin the leaves were exposed to light ( 1 0 0 p,mol m -2 s -1) for a 18 h greening period.
Ripening o f tomato fruits
Small tomato fruits were harvested just at the beginning of ripening when the change of colour from green to red was first visible. Into each to mato fruit ( 5 -6 g fresh weight) 1 0 -3 0 ^tl of a 50 control fruits with much lycopene accumulation and the treated tomato fruits were extracted af ter 1 0 d. 
Growth o f duckweed plantlets
Plantlets of
Determination o f chlorophylls and carotenoids
After grinding of plant material and cold extrac tion with acetone, chlorophylls a and b as well as total carotenoids x+c were determined spectrophotometrically (Lichtenthaler, 1987). Ripening tomatoes produce the red carotenoid lycopene which is formed via the D O X P pathway (Schwender and Lichtenthaler, 1998). When fos midomycin was injected into green ripening to mato fruits, the accumulation of this secondary ca rotenoid lycopene (in controls 700 ^ig per g dw) within 10 days was inhibited to about 60-70% .
Isoprene emission
Leaves of
In already greened primary barley leaves fosm i domycin had no effect on the level of chlorophylls and carotenoids, suggesting that the substance does not induce or promote a pigment breakdown. It is known that etiolates leaves accumulate in the dark carotenoids and upon a short illumination contain some chlorophyll coming from photo transformation of protochlorophyllide (Lichten thaler, 1969; Babani and Lichtenthaler, 1996). With the light-stimulated greening and thylakoid formation an enhanced accumulation of chloro-phylls and carotenoids takes place. When 6 d old dark grown etiolated primary barley leaves, which had taken up fosmidomycin, were placed into con tinuous light, the light-induced formation of carot enoids and chlorophylls was, however, strongly in hibited (Table I) The accumulation of newly synthesized carot enoids in barley leaves was inhibited by fosmido mycin to a higher degree than that of newly formed chlorophylls which is also seen in consider ably increasing values of the pigment ratio (a+b)l (* + c ) of the newly formed pigments (Table I) (Table I) indicating that chlorophyll b accu mulation is inhibited to a higher degree than that of chlorophyll a. The matter is that in etiolated, fosmidomycin-treated leaves the whole greening process is blocked, and consequently the inhibi tion effect appears to be stronger in those isopren oid components which, during greening, accumu late later than others, such as chlorophyll b after chlorophyll a, and newly synthesized carotenoids after chlorophylls. This is to be expected when fos midomycin blocks the plastidic D O X P pathway of IPP formation, and as a consequence also the for mation of chlorophylls (phytyl side chain) and ca rotenoids, which are major constituents of func tional and photochemically active thylakoid membranes.
The accumulation of prenyl pigments in duck weed plantlets (Lemna gibba) growing in liquid media with different concentrations of fosm ido mycin was also affected. The visual appearance of the plantlets, cultivated on fosmidomycin, sug gested that in the new developed pale green leaves the pigment formation was strongly inhibited, whereas the pigment content of the green starting leaves was maintained. The fosmidomycin-treated Lemna plantlets exhibited a slightly higher chloro- Table I . Inhibition by fosm idom ycin of de novo biosynthesis and accum ulation of caro ten o id s and chlorophylls during greening of illum inated etio lated prim ary leaves of barley during an 18 h light period. 25 prim ary etio lated leaves of 6 d old barley sedlings were placed with th eir cut ends in the dark into a m ineral m edium (Schw ender et al., 1997) with addition of fosm idom ycin at different concentrations. The initial chlorophyll (a+b) and c arotenoid (x+c) co n ten t of the etiolated leaves after a short light exposure (< 5 m in) was 253 and 726 [xg p er g dry w eight (dw ), respectively. The percentage of inhibition of isoprenoid pigm ent accum ulation is given in parentheses. T he pigm ent co n ten t and ratios shown are those of the newly accum ulated pigm ents in the light. Table II . Inhibition of chlorophyll and carotenoid accum ulation in L em na plan tlets after grow th on fosm idom ycin. Single duckw eed plantlets (L em n a gibba) with 3 to 4 green leaves w ere grow n in m ultiwell p lates (1 ml) for 6 d on a m ineral m edium in the presence of fosm idom ycin (w hite light, 100 [xmol p h o to n s m -2s _1). In the co ntrol and 2 .5 x lO -5 m setups each plan tlet divided in average to 7 or 8 plantlets, respectively. M ean of 8 sep arate extractions ± SD. * p < 0.005. The percen tag e inhibition is given in parentheses. phyll a/b ratio, whereas the pigment ratio (a+b)l (jc+c) remained unchanged (Table II) . The observed inhibitory effects of fosmidomycin on carotenoid biosynthesis in ripening tomato fruits, on carotenoid and chlorophyll formation in illuminated etiolated barley shoots, and in duck weed plantlets suggest that fosmidomycin is an ef ficient inhibitor of the plant's D O X P pathway, which is known to be responsible for the biosyn thesis of these isoprenoid pigments.
C hlorophyll a+b
Fosmidomycin also efficiently inhibited the emission of isoprene from leaf pieces of Populus nigra, Platanus x acerifolia, and Chelidonium majus in a dose-dependent manner (Table III and (Fig. 1) .
In Platanus leaf disks floating at first on a DO X solution ( 6 m M ) , D O X was taken up into the leaf as shown by TLC of leaf extracts, but later metab olized, when placing the leaf disks on water, most probably to isoprene under the given conditions of high light and high temperature. D O X is effi ciently incorporated into isoprene emitted by Plat anus (Zeidler and Lichtenthaler, 1998) and other Table III . Inhibition of isoprene em ission of leaf pieces by different concentrations of fosm idom ycin at different incubation times. L eaf pieces w ere placed into a q u artz cuvette containing 0.5 ml of an aqueous solutions of fosm idom ycin. A fter different incubation times the leaf pieces w ere illum i n ated in the closed cuvette with w hite light (1000 [.imol photons m~2s _1) at a te m p eratu re of 2 5 -3 5 °C. A fter the illum ination the isoprene co n cen tratio n in the cu vette air was assessed by m easuring the ab so rp tio n of gaseous isoprene at 216 nm (Fig. 3) . The inhibition d e grees are averages o f two leaves and w ere calculated according to [l-(v4inhibited/^control) Pharm aceutical Co., L td., E u ro p e a n P aten t 0256785B1. Kam yia Y., H ash im o to M., H em m i K. and T akeno H. (1980) , Fujisaw a P h arm aceutical Co., Ltd., U S-paten t 4206156. L ich ten th aler H. K. (1969) 
